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The  Design  of  a  70'  Through  Plate  Girder 

Railway  Bridge,  "being  a  Thesis 

presented  "by 

GEORGE  D.  LEWIS, 

for  the  Degree  of  Civil  Engineer. 
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DESIGIT  OF  THE  SUFSRSTBUCTUEE. 

—  B.  ^  =.  L  Si  k    —  S.  1  S.  1 
The  bridge  is  to  replace  a  pile  trestle  which 
carries  a  single  steam  railroad  track  crer  an  electric 
line  having  a  60'  right-of-way. 

The  track  on  either  approach  to  the  present  hridge 
is  en  fairly  heavy  grades  and  therefore  it  will  be  iiri- 
practicable  from  an  operating  standpoint  to  pat  in  a 
bridge  which  will  necessitate  a  steeper  climb  to  reach 
the  level  of  the  bridge.  The  present  vertical  clear- 
ance, 21  feet,  will  have  to  be  maintained;  that  is,  the 
distance  frorr!  the  top  of  rail  on  the  electric  line  to 
lov/  steel  of  the  overhead  bridge  cannot  be  decreased, 
so  we  will  have  to  use  a  floor  system  which  will  allow 
us  to  retain  this  clearance.   It  will  also  be  necessary 
to  have  the  clear  span  of  the  pem::anent  struct-are  at 
least  as  wide  as  the  right-of-way  of  the  electric  line. 
So  it  is  easily  shovm  ti:at  a  70'  span  will  be  very 
close  to  that  actually  required,  and  hence  a  70' 
Through  Plate  Girder  span  will  be  used. 


L  £  a  d  i^  n  £ 

The  live  load  will  be  Cooper's  Class  E55,  or  a 
concentrated  load  of  66,000#  on  each  of  two  axles 
spaced  6'  center  to  center. 

The  dead  load  shall  consist  of  the  weight  of  the 
structure  with  that  of  the  deck.  The  weight  of  the 
deck  is  taken  at  550#  per  lineal  foot  of  bridge. 

A  static  equivalent,  to  be  called  impact  here- 
after, shall  be  added  to  the  computed  stresses  from 
dead  and  live  load  and  shall  be  deten::iined  by  the 
formula  I=L/L+D  where  I=impact,  L=li-<'e  load  stress, 
aind  D=dead  load  stress. 

As  this  bridge  is  on  a  tangent  there  will  be 
no  centrifugal  force. 

Deck 

The  deck  -.vill  consist  of  8"x8"xl2'  ties  spaced 
on  13"  centers,  two  lines  of  10"xl2"  guard  timbers 
placed  at  the  ends  of  the  ties,  9C#  rails,  and  four 
lines  of  U"xlO"  guard  rails  placed  just  inside  and 
outside  of  the  rails. 


filial!  2.  L     £l£i2.S£Il 

We  will  investigate  12"  I-beams  as  stringers, 

placing  two  under  each  rail. 

The  end  shear  is  as  follows: 

D.  L.     700# 

L.  L.  1S,300# 

I.  17,S(Xi 

Total  36,60^ 

The  live  load  end  shear  is  foand  to  be  a  ffiaxiinum 

under  the  special  loading.  The  tending  moment  is  as 

follows: 

D.  L.  13,200  "# 

L.  L.  33^.100  "# 

-•  321.70'^  "# 

Total  665, '000  "# 

Frora  our  specifications  we  find  that  the  allow- 
able stress  in  the  compression  flange  of  any  member 
is  found  by  the  forrmila  S=l6000  -  UO  /r  where  S= 
allowable  unit  stress,  I=inaxim'ciin  unsupported  length 
in  inches  and  r=the  radius  of  gyration  about  a  ver- 
tical axis  through  the  center  of  gravity.  Thus  we 
find  that  the  allowable  unit  stress  in  the  top  flange 
of  the  stringers  is  12,900#  and  it  follows  from  this 
that  the  required  section  modulus  per  beam  equals 
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663,000  T  12,900  or  51. S. 

Tlie  section  modulus  of  a  12"  l-'bejoa   at  55i'f  is 
53 -S'  ^o  we  will  use  four  12"  I-teams  at  55t^  for 
stringers  and  spase  them  on  2 '6"  centers  as  seen  ty 
referring  to  the  superstructure  plan. 

For  the  end  floor  hearo  v/o  will  assume  a  section 
made  up  of  a  wet  plate,  lS"x5/8",  four  angles  ^"x6"x 
5/S"  and  four  cover  plates  lU"xl/2". 

The  end  shear  is  found  to  he  91,50C#  as  tatulat- 
ed  on  the  superstinicture  sheet,  and  from  this  we  see 
that  the  weh  plate  assiimed  will  answer,  as  we  only 
need  9.I5  square  inches  to  take  care  of  this  maximum 
shearing  value. 

The  maximum  bending  moment  figures  out  as  follows: 

B.  L.   19,900  '# 

L.  L.   285,000  '# 

I.   266, 5C»  '# 

To  get  the  flange  stress,  we  divide  the  values 

by  the  effective  depth  of  the  assumed  section,  that  is, 

hy  the  distance  between  the  centers  of  gravity  of  the 

flanges.  • 
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The  positions  of  the  centers  of  gravity  of  the 
flanges  are  I.625"  from  the  backs  of  the  outstanding 
legs  of  the  flange  angles  and  thus  we  get  I7.OO"  for 
our  effective  depth. 

The  flange  stresses  are  as  follows :- 

D.  L.  lU.OOQiS^ 

L.  L.  201,0;JC# 

I  ■  188, 0'JOlf 

Total  403,  OJO^ 

This  requires  a  net  area  of  2^.2  square  inches 
for  the  bottom  flange. 

The  \anit  stress  for  the  top  flange  is  found  by- 
getting  the  radius  of  gyraticn  of  the  flange  section 
about  a  vertical  axis  through  the  center  of  the  web 
and  then  substituting  in  the  formula  I6OOO  -  !40-'-/r 
referred  to  under  the  stringer  design.  The  value  of 
r  is  found  to  be  3.U7  and  upon  substitution  we  get 
15i30C#  for  the  allov/able  unit  stress  for  the  top 
flange,  which  gives  26.4  squ.are  inchss  as  the  required 
gross  area  for  the  top  flange. 

The  deduction  for  rivet  hcles  is  covered  by  the 
following  clause  froir.  the  specifications: 

"The  net  section  cf  a  riveted  tension  member  is 
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the  3-uia  of  the  net  sections  of  its  component  parts. 
The  net  section  of  each  part  is  determined  sejiarately 
and  shall  be  the  least  area  obtained  by  deducting  frcm 
the  gross  area: 

(1)  The  total  area  of  all  holes  on  any  section 
perpendiciilar  to  the  axis  of  the  member,  or, 

(2)  The  total  area  of  all  holes  on  any  zigzag 
section  passing  throiigh  those  holes  whose  distance 
center  to  center  is  less  than  I.25  g+h,  where  g=dis- 
tajice  between  gap;e  lines  and  h=diameter  of  holes,  which 
shall  be  taken  as  being  1/S"  larger  than  naninal  diam- 
eter of  the  rivets". 

Also  the  specifications  state  that  if  there  is  no 
splice  in  the  web  plate  then  1/S  of  its  area  can  be  con- 
sidered as  effective  flange  area. 

The  flange  sections  finally  decided  on  are  given 
in  tabular  form  on  the  superstructure  sheet .  And  as 
the  weight  of  the  section  does  not  differ  materially 
from  the  ass-uroed  section  no  further  calculations  will 
be  necessary. 

To  get  the  rivet  pitch  the  formiala  p=sd/v  is  used, 
where  p=the  pitch,  s=value  of  rivet,  d=distance  be- 
tween centers  between  gage  lines  of  the  top  and  bottom 
flanges,  and  ^/=the  shear  to  be  transmitted.  Thus  for 
the  pitch  required  to  transm.it  the  end  shear  we  get 
by  substitution  I.6I"  cr  1-^/S".   Betv;een  the 
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points  where  the  outside  stringers  connect  we  will  Mse 
a  3-1/2"  pitch  as  this  has  teen  used  with  very  good 
I'esults  on  previous  designs. 

In  connecting  the  floor  beam  to  the  girder, 
eifeht  field  rivets  are  rerraired  and  seven  field  rivets 
are  used  to  connect  the  stringers  to  the  floor  'beains . 
In  the  first  case  the  rivets  are  in  doutle  shear  while 
in  the  second  case  they  are  in  bearing  on  the  v.'eb. 

The  design  of  the  intermediate  floor  beam  is 
taken  up  in  ths  sair.e  way.  The  shears  and  flange  stress- 
es are  given  on  the  supers tnictu re  sheet  together  with 
the  flange  sections  which  will  be  used,  and  as  they  do 
not  differ  materially  from  the  assumed  section  (Bes 
design  of  end  floor  beaa)  no  further  investigation  is 
necessary. 

The  rivet  pitch  required  to  transiriit  the  end 
shear  is  fou.nd  to  be  I-3/U".  We  will  also  use  here 
the  3-1/2"  pitch  between  the  points  where  the  outside 
stringers  connect.  \7e  will  need  seven  field  rivets 
to  connect  the  floor  beams  on  to  the  girder. 

The  length  of  the  cover  plates  are  deterrrdned 


ty  means  of  flange  area  diagrams,  leaking  them  3  feet 
longer  than  ihe  required  lengths  as  scaled. 

It  is  a  standard  practice  to  make  the  corre- 
sponding cover  plates  on  the  floor  te.uns  the  same 
length,  hence  we  will  use  11  feet  for  the  lengths  of 
the  outside  plates  and  Ic  feet  for  the  lengths  of  the 
inside. 

2.2.£.iS.Il  ££  B.  k  L  ^  '-^  ^ 
From  previous  designs  v/e  can  arrive  fairly  close 

at  the  section  of  the  girder  and  frorr.  this  we  can   tase- 

the  estimate  of  the  weight  of  the  steel.  The  assumed 

section  is  made  up  of  a  vveh  plate  30"x3/o",  U  angles 

of  8"x2"x3/U"  and  ^  cover  plates  17"x5/S". 

Tae   estimatsd  weight  is: 

Weight  of  girders,  5S,0O:# 

25J^  for  girder  details,  lU,5'0C# 

Weight  of  floor  beams,  i+0,5CX:# 

Weight  of  floor  he^  details,  lO.OCCi 

V.'eight  of  stringers,  15,U0C# 

Weight  of  deck,  3S,30C# 

Total  17(S,90C# 

which  gives  1,26(^  per  linear  foot  of  girder. 
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xhe  end  reaxition  is: 

D.   L.  kk.fXX)^ 

L.   L.  151,qQC# 

I.  117j'->-'Ci 

Total  313;OOCf 

The  end  shear  is: 

C-   L.  35,5'3^ 

L,    L.  lEl.S'Xp 

I.  33.700f 

Total  25l,00C# 

The  values  of  the  maxin-urri  bending  mements  are: 

D  .  L.       772, ax  '# 

L.    L.      2,267,000   '# 
I.      1,692,000   '# 

The  effective  depth  of  the  assumed  section  is  7-375' 
(See  design  of  end  floor  hean  for  method  of  deriving 
effective  depth): 

Thus  for  flange  stresses  we  get: 

D.  L.  10U,500# 

L.  L.  307, 50f^ 

I-  232,5O0f 

Total  641,50C)# 

and  for  the  hottom  flange  we  find  that  UO.l  square 

inches  net  area  is  required.  As  explained  under  the 

design  of  the  end  floor  heam,  we  get  l^,2(yjjt   for  the 

allov/ahle  unit  stress  for  the  top  flange,  and  thus  we 

require  U2.1  square  inches  ^ross  for  this  section. 
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For  the  top  flange  we  will  use: 

2  angles  g"xg"x3/U"       22. US  sq.  in  gr. 
1  plate  17"x5/8"  10.63  "   "  " 

1  "   17"xl/2"  8.^0  "   "  " 

Total  ~^2.01  "   "   " 

and  for  th.e  tottom  flange  we  will  use: 

2  angles  8"xg"x3/U"       19.88  scj.  in.  net. 
1  plate  17"x3/U"  11.25  "   "   " 

1   "   I7"x5/S"         9.38  "   "   " 
Total  50^51  "   "   " 

as  the  wet  plate  is  spliced  we  cannot,  according  to 

specifications,  conr.ider  1/8  of  its  area  as  effective 

flange  area. 

The  lengths  of  the  cover  jlates  are  determined 
hy  means  of  flange  area  diagrams  making  them  3  ^set 
longer  than  the  required  lengths  as  scaled. 

The  inside  cover  plate  on  the  top  flange  is  i-un 
the  full  length  of  the  girder.  The  required  length 
of  the  inside  cover  plate  on  the  hot tern  flange  is 
found  to  be  53  feet,  and  the  required  length  of  the 
outside  plate  35  feet.  This  last  value  is  a  little 
more  than  reo^uired  for  the  corresponding  plate  on 
the  top  flange,  but  we  will  make  it  35  fset  long  also. 

The  weight  of  the  structural  steel  is  now  care- 
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fully  estiirated  and  is  found  to  te  132,;;CX.^  for  the  en- 
tire span.  This  together  with  the  deck,  ]>^,^QOir,    forms 
the  total  dead  load,  and  is  5,90C#  less  tJ-ian  the  value 
used  in  calculating.  The  revised  values  of  end  shear, 
end  reaction,  flange  stress  and  required  flange  areas, 
are  given  on  the  superstructure  drawing. 

The  shears  in  the  different  panels  after  the  first 
are: 


Second  Panel: 


Third  Panel: 


Fourth  Panel: 


D.   L. 
L.    L. 
I. 
Total 

D.   L. 
L.    L. 
I. 
Total 

D.   L. 
L.   L. 
I. 
Total 


26.10O# 

95.oa)# 

7S.20Of 

203,3CC# 

17,900if 
so,o;:0# 

S.7CC# 

55.250# 

5C,9QC# 

119,  W 


Substituting  in  the   fontiiila  for  rivet  pitch  (see 
floor  "beam  design)   we   have   for   the   required  pitches: 
First;-  2,625" 

Second: ~  3-235" 

Third:-  U.C3   " 

Fourth:-  5.29   " 
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Ths   specifications   state  that    the  maximum  pitch 
on  £sny  gage   line  where  a  staggered  pitch  is  nsed  shall 
"be  3   inches. 

res__i£n     of     lPii£££' 

The  web  plate  will  "be  spliced  so  that  the  rivets 
will  "be  ahie  to  develope  a  stress  10^  greater  than  the 
end  shear.  This  req\iires  36  rivets,  as  they  are  in  bear- 
ing on  the  3/8"  web  plate.  Using  two  rows,  and  the  same 
number  per  row,  as  are  in  the  stiffener  angles,  we  get 
3U.  We  will  use  this  namber  as  one  rivet, less  will  not 
make  any  material  difference, and  to  pjnch  extra  holes 
it  will  be  necessary  to  change  the  multiple  punch.  But 
as  the  same  number  of  holes  are  used  throughout,  all 
stiffener  angles,  web  splice  plates,  filler  plates  for 
same,  etc.,  can  be  run  through  the  multiple  punch  with- 
out any  change  in  adjustment  which  makes  the  shop  work 
much  easier  and  saves  a  little  time. 

The  flange  angles  are  spliced  near  the  ends  so  as 
to  facilitate  handling  in  the  shop.  The  splice  is  lo- 
cated between  stiffener  angles  in  tlxe  and  panels.   In 
this  distance  we  can  get  ten  rivets  through  the  vertical 
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legs  and  ten  through  the  horizontal  legs  on  each  side 
of  the  splice.  The  rivets  through  the  vertical  legs  are 
in  daable  shear  and  in  hearing  on  the  weh.  The  rivets 
through  the  horizontal  legs  are  in  douhle  shear.  Such 
a  splice  could  develope  '}Sl,00O§=   and  we  only  require 
that  it  should  develope  the  full  strength  of  the  memher 
which  is  2£.gS  x  15,200  or  3l|7,SOO#. 
C  a  £  t_  i_  n  £. 

The  end  reaction  is  313,OOC#  and  from  the  specifi- 
cations we  ha'-'-e  that  5-^  F®r  square  inch  is  allowed 
in  hearing  of  steel  on  masonry.  Therefore,  the  hase  of 
the  shoe  must  have  an  area  of  626  square  inches.  And 
v/e  will  make  the  "base  1'8"  hy  2 '8".   The  shoe  will  he 
made  I'C"  high. 

All  other  parts  not  designed  are  detailed  accord- 
ing to  the  authorized  standards  and  practices  of  the 
Bridge  Office  of  the  Chicago  and  Worth  Western  Railway 
Company.  The  superstructure  drawing  is  in  accordance 
with  the  same  st;andards  and  practices. 
DESIGN  OF  SUEPTP.UCTUPJ:. 

One  of  the  rules  of  good  practice  is  that  at  no 
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point  shall  the  thickness  of  an  atutir^ent  be  less  tlian 
.^5  o^  tl^2  distance  of  tlriat  point  telow  the  base  of 
rail.  By  referrinp;  to  the  substructure  drawing,  it  can 
readily  be  seen  ho;,  the  back  is  "stepped"  down  to  make 
this  rule  hold.  Also  the  width  of  the  backwall  at  the 
level  of  the  bridge  seat  sha^l  be  half  of  the  distance 
that  the  bridge  seat  i?  below  the  base  of  rail. 
Section  of  Center  Line  of  Track. 
A  section  is  assumed  and  the  position  of  the  re- 
exiltant  is  found  to  see  whether  or  not  it  cuts  tb.e  base 
within  the  "ir.iddle  third". 

The  load  frorri  the  span  is  assumed  to  be  distribu- 
ted equally  over  the  footing  of  the  abutment  proper, 
and  part  of  the  wings.  To  find  these  parts  vje   extend 
the  center  line  of  the  footing  of  the  abutment  proper 
nmtil  it  intersects  the  front  page  of  the  footings  of 
the  wings.   Connect  these  points  with  the  ends  of  the 
rear  edge  of  the  footing  of  the  abutment.  The  rer^ult- 
ing  triangles  are  the  parts  referred  to.  Thus  to  get 
the  amount  of  the  load  from  the  span  per  linear  foot 
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of  aautments,  W3  divide  the  total  load  transmitted 
thro-ogh  the  shoes  by  the  length  of  the  abutment  jlus 
the  altitude  of  cne  of  these  triangles.   In  this  case 
the  total  load  per  linear  foot  of  abiittnent  is  found 
to  be  6l,000#  as  tabulated  on  the  substructure  draw- 
ing. 

The  next  step  is  to  find  the  location  of  the 
vertical  component  of  the.  resultant  of  the  dead  and 
live  load  from  the  span  together  with  the  weight  of 
the  concrete  and  the  weight  of  the  earth  backing.  This 
is  n.ost  readily  done  by  taking  moments.   In  this  case 
we  will  take  momenlTs  about  the  toe  and  they  are  found 
to  be  as  followst=- 

D.  L.  &  L.  L.  from  span,  32,000  '# 

Concrete,  35S,3O0  '# 

Earth,  1^7.500  '# 

Total  567.600  '# 

Dividing  this  by  £l,000#,  we  get  9. 31'  as  the 
lever  ami  of  this  vertical  force  about  the  toe. 

The  value  of  the  horizontal  thrust  of  the  earth 
backing  is  taken  at  I5  H  ,  where  H  is  the  distance  of 
the  bottom  of  the  footing  belo?/  the  base  of  rail.   It 
is  assumed  to  be  applied  two-thirds  of  H  below  the  base 
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of  rail.   It  is  assvmad  to  be  applied  two-thirds  of  H 
below  tha  base  of  rail.  This  is  probably  a  little  strong, 

The  tangent  of  the  angle  between  the  horizontal 
thrust  and  the  vertical  component  is  found  to  be  .^^1 
which  gives  us  2.S6'  for  the  distance  along  the  base 
betA'een  the  points  where  the  resultant  and  its  vertical 
component  cut  the  same.  Thus  we  find  that  the  result- 
ant cuts  the  base  at  a  distance  of  6.^5'  from  the  toe 
which  is  well  within  the  middle  third. 
S_£i_l_  £££.l.£]ire_s_. 

The  average  soil  pressure  is  found  by  dividing 
the  total  load  per  lines.r  foot  of  abutment  by  the 
width  of  the  footing  of  same.  Thi=.  is  found  to  be 
])Z0Ojr,     An   empirical  formula  used  to  get  the  maximum 
soij.  pressure  at  the  toe  is,  (6n  +  l)  times  the  dis- 
tance from  the  center  of  the  base  that  the  resultant 
cuts  same  divided  by  the  base.   In  this  case  we  get 
for  6n,  6  (8-5. 6U)  -f  16  =  .5I.  /md  thus  we  get  38OO 
xl.51  =  5700  for  the  value  of  maximuin  soil  pressure. 

Pi_l_e_  ££2.££}i£5.^* 
It  is  tried  to  keep  the  average  pile  pressure 
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around  lo  tons.  'Knowing  the  load  per  linear  foot  of 
abutment,  the  total  load  to  be  sup;^orted  by  the  piles 
in  the  area  which  is  ass-umed  to  take  care  of  the  load 
from  the  span  is  readily  calculated.   After  finding 
out  what  this  value  is,  we  design  a  pile  layout  which 
will  keep  the  average  pressure  in  this  area  about  l6 
tons  per  pile.   It  is  not  considered  best  to  have  the 
piles  spaced  closer  than  2 '5"  between  centers. 

To  find  the  average  and  maxiniuin  pile  pressure, 
we  take  a  strip  near  the  center  of  track  which  will 
include  two  rows  of  piles  if  the;/  are  staggered  and 
one  row  if  they  are  not.  Multiply  the  load  jer  linear 
foot  of  abutment  b-v.  the  distance  between  the  centers 
between  the  rov7,  or  rov/s  of  piling  in  the  strip  and 
the  next  rows  and  we  have  the  total  load  to  be  support- 
ed by  these  piles.  To  get  the  average  pressure  per 
pile  we  divide  this  total  load  by  the  nijjr.ber  of  piles 
in  the  strip.   In  the  layout  given  on  the  substructure 
sheet,  it  is  found  to  be  32,70C#. 

To  find  the  maxiitfuni  pile  pressure  vie   find  cut  the 
pressure  due  to  excsntricity,  tliat  is,  due  to  the  fact 
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that  the  rasuitant  of  all  loads  acting  on  the  ahutment 
does  not  intersect  the  "base  at  the  position  of  the  cen- 
ter of  gravity  of  the  piles  in  the  strip  taken,  and 
then  add  it  to  the  pile  pressure. 

To  find  this  value  we  first  take  moments  to  locate 
the  position  of  the  center  of  gravity  of  the  piles  in 
this  strip.   In  this  case  we  find  the  center  of  gravity 
to  he  7«6U'  from  the  toe.  We  next  find  the  moment  of 
inertia  of  the  piles  ahout  an  axis  through  this  point 
which  is  j^rallel  to  the  edges  of  the  footing.   In  this 
case  it  figures  out  to  he  I5O.IU.  Then,  dividing  this 
hy  the  distance  of  the  center  of  the  pile  nearest  the 
toe  froit  this  axis,  the  section  modulus  of  this  pile  is 
obtained.   In  this  case  it  is  found  to  he  2U.U5.  The 
distance  between  the  center  of  gravity  of  the  piles  in 
this  strip  and  the  point  where  the  resultant  cuts,  the 
base  is  determined.   In  this  design  it  is  1.00'.  From 
this  we  get  the  moment  due  to  eccentricity  which  figures 
out,  in  this  case,  to  be  295. 000  '#.  Dividing  this  by 
the  section  modulus  determined  above,  the  value  of  the 
increased  pressure  due  to  eccentric  loading  is  found. 
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In  this  design  it  figures  out  to  "be  12,100#.  And  thus 
we  get  UU,SOC#  for  the  value  of  the  maxirr.uai  pile  pressure 

This  method  of  finding  the  average  and  maxirnum 
pile  pressures  has  "been  in  use  in  the  bridge  office 
of  the  Chicago  and  North  Western  Eailway  CoiTipany  for 
a  nuirlier  of  years  and  has  given  very  good  results. 

The  suhstinicture  drawing  as  -.veil  as  tha  design 
is  in  accordance  with  the  standards  and  practices 
of  the  same  office. 
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